Background
Nowadays, microbial resistance is considered as one of the main healthcare problems around the world. 1 Therefore, investigating new sources of chemical active antimicrobial compounds, as well as what is produced by the fungi and exist in the shelf as antibiotics is now highlighted as a common method for solving such problem. 2 In addition, inflammation is regarded as an underlying determinant of various diseases, and studying anti-inflammatory drugs seems interesting. 3 Plants are considered as a huge pool of chemical compounds, especially the large and sophisticated one. 4 Therefore, plants would be a good candidate for developing antimicrobial and antiinflammatory agents.
In Iranian traditional medicine (ITM), many infectious and inflammatory diseases have been welldescribed and thus numerous simple and compound drugs have been prescribed for their treatment. These treatments can provide valuable clues to initiate drug discovery investigation. Catarrh, which is traditionally called "Zokam", 5 is associated with the common cold, pharyngitis, and chesty coughs. All these signs are common in inflammation of the mucous membranes and can result in infection. ITM prescribes medicinal smokes to deliver active compounds of herbal medicines to respiratory tracts. Previously, different studies investigated antimicrobial activities of medicinal smokes, [6] [7] [8] some of which have gone forward and isolated active antibacterial components. 6 However, studying antiinflammatory components of medicinal smoke has been rare. 6 Therefore, the current study sought to investigate the antimicrobial and anti-inflammatory activities of some medicinal smokes traditionally prescribed for Zokam. 
Materials and Methods

Selection and Preparation of Medicinal Plants
Smoke Extraction
About 200 g of each of the dried plants was separately powdered and filled up in a round-bottom flask in order to prepare the smoke extract. Then, the flask was heated through a heating mantle to burn the powdered plant. Next, the raised smoke was collected by a distillation set to another flask filled with methanol. Finally, the yield of extraction (w/w) was calculated as the weight of dry extract/weight of dry starting material ×100.
Microbial Strains and Preliminary Antimicrobial Evaluations of Smoke
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027, Bacillus subtilis ATCC 6051, Candida albicans ATCC 10231, and Aspergillus niger ATCC 16404 were used based on the aim of the study. The microbial suspensions were prepared in normal saline with the concentration of 10 4 or 10 6 CFU/mL for bacteria and fungi, respectively, using standard routine spectrophotometric methods. Further, the antimicrobial activities were determined by disc diffusion and broth microdilution assays. In the disc diffusion method, the above standard microbial suspensions were loaded on Mueller Hinton agar and Sabouraud dextrose agar by a cotton swab for bacteria and fungi, respectively. Then, sterile paper discs (6.8 mm) were impregnated with 0.2 mg of each smoking extract and placed on the culture plates. Next, vancomycin (30 µg/disc), gentamycin (10 µg/disc), and amphotericin B (10 µg/disc), provided from Padtan Teb, Iran, were used as positive control. Furthermore, the diameters of inhibition zones (mm) around the disks were measured after overnight incubation. All experiments were conducted in triplicate. 14 
The Minimum Inhibitory Concentration and Minimum Lethal Concentration Determination
The minimum inhibitory concentration (MIC) and Minimum Lethal Concentration (MLC) values were determined in broth microdilution assay. Moreover, the smoking extracts were twofold serially diluted in pure methanol, which contained 10-0.156 mg/mL. Antibiotic powders (i.e., gentamicin, vancomycin, and amphotericin B) were used as positive control. These dilutions were prepared in a 96-well microtiter plate. Additionally, morpholinepropanesulfonic acid-buffered RPMI 1640 and Mueller-Hinton broth were utilized as broth media for fungi and bacteria, respectively. After shaking, 100 µL of extract dilutions was added to each well. Then, 100 µL of diluted microbial suspensions (1×10 6 CFU/ mL for bacteria and 10 4 CFU/mL for fungi) were added to each well and incubated at suitable conditions. MICs were defined as the lowest concentration of dilution that inhibits bacteria and fungi after 24 and 48 hours, respectively. Finally, MLC values were the first well that showed no growth on solid media. 15 Antioxidant Evaluation by the Reduction of DPPH Solution Different concentrations of smoking extracts in methanol (0.007-2 mg/mL) were mixed with 2 mL of 1,1-diphenyl-2-picrylhydrazyl (DPPH) solution. The solutions were incubated at room temperature for 70 minutes. Then, the absorbance of each solution against the blank was determined at 517 nm. Next, the inhibition of free radicals by DPPH in percent (I%) was calculated in the following way:
Butylated hydroxytoluene was used as positive control (16) . Table 1 presents the most frequent herbs prescribed in the form of the smoke for Zokam based on ITM books. Persian and English common names, part used, and the yield of extraction are provided as well.
Results
Selection of Plants
Antimicrobial Evaluations
Evaluating the smokes by disc diffusion method exhibited that gram-positive bacteria had higher inhibition zone diameters compared to gram-negative bacteria, yeast, and mold. Among 2 gram-negative bacteria, the inhibition zone diameters for E. coli were higher than those for P.
aeruginosa. In addition, C. albicans had an inhibition zone for some smokes. However, no inhibition zone for smokes was observed against P. aeruginosa and A. niger. Among different smokes, C. myrrha had higher inhibition zone diameters for S. aureus, B. subtilis, E. coli, and C. albicans, followed by P. anisum while N. sativa. C. cassia, and C. arabicus demonstrated inhibition zones only for S. aureus and B. subtilis. Further, T. articulate showed an inhibition zone diameter for B. subtilis and E. coli ( Table 2) .
The results of broth microdilution for herbal smokes varied from the disc diffusion methods. The difference can be as the result of the behavior of smokes in solid or broth media. Furthermore, the results indicated that all the smokes revealed considerable antimicrobial activities except for N. sativa and T. articulate (Table 3) .
Moreover, the antioxidant evaluation of the herbal smokes showed the lowest IC 50 for C. myrrha (13 µg/mL), C. cassia (10.44 µg/mL), and C. arabicus (15.16 µg/mL), followed by P. anisum (57.6 µg/mL) and N. sativa (215.7 µg/mL) while higher IC 50 was for T. articulate (262.9 µg/ mL). The IC 50 for Butylated hydroxytoluene as the positive control was 19 µg/mL (Table 3) .
Discussion
As previously mentioned, medicinal smokes have been recently recognized as one of the interesting topics in the field of natural antimicrobials. Mohagheghzadeh et al in a review article explained traditional utilization of medicinal smokes in different civilizations and clarified that medicinal smokes have long been used against many ailments with infectious etiology. Air purification and disinfectant are to examples of traditional utilization of medicinal smokes. Additionally, different infectious diseases including pulmonary conditions were traditionally targeted by medicinal smokes. 17 Experimental investigations have been recently implemented and antibacterial activities of the smokes of many plants such as Etlingera brevilabrum, Santalum album, Cymbopogon schoenanthus, Boswellia serata, Ficus religiosa, Mangifera indica, and the like were evaluated. [6] [7] [8] Shahverdi et al in their study clarified the antibacterial activity of Peganum harmala smoke (Esfand), the smoke traditionally used by Iranians as an air purifier, on both Gram-positive and Gram-negative bacteria, along with fungi. 18 In another study published on the air purification effect of the smoke of an Indian polyherbal mixture Havan Samagri, a sacred offering mentioned in Vadas, airborne bacteria reduced up to 94% by 60 minutes. 19 As regards the differences of essential oil and smoke constituents of the essential oil-bearing herbs, the results of another study showed that chemical constituents of the essential oil and the smoke of Pistacia terebinthus oleo gum resin was different in both chemical constituents and the ratio of the compounds. 20 It means that burning procedure changes the active components and consequently, alters the activity of medicinal plants. In this case, minimum inhibitory concentrations of the smoke against grampositive and gram-negative bacteria and fungi were surprisingly in the range of 1.5 to 6.25 µg/mL. 20 In this study, it was attempted to select the herbs by the aid of ITM. The goal was to find medicinal smokes with dual antimicrobial and antioxidant activity. Accordingly, a total of 6 herbs were selected and their smoke was prescribed for Zokam, which is a traditional ailment with inflammatory and microbial etiology. The results of the current study revealed that the smokes of C. myrrha, C. cassia, and C. arabicus had strong antioxidant activity even stronger than butylated hydroxytoluene. In addition, the smokes of these herbs had interesting antimicrobial activities against gram-negative and grampositive bacteria, as well as fungi. Although there are some investigations on antimicrobial activities of the plant parts and essential oils of C. myrrha, C. cassia, and C. arabicus, [21] [22] [23] few studies have been conducted concerning the smoke of these herbs. Therefore, similar studies focusing on these smokes are subject to further investigation.
Conclusion
In general, medicinal smokes are frequently used in ITM as a therapeutic agent. Based on the results of the present study, C. myrrha, C. cassia, and C. arabicus smoke extracts had strong antioxidant and antimicrobial activities. Finally, more investigation on this field would be fruitful since studies on the therapeutic effects of medicinal smokes are highly limited. Note. The MIC and MLC for smoke and antibiotic were based on mg/mL and µg/mL, respectively; (-): Not applicable.
